Abstract. This research presents the procedure for risk assessment and reliability analysis to dam 
Hydroelectric Grijalva system (4 dams) with a total capacity of 37.50 hm 3 storage, was stopped in its 23 electrical production, in view that was not possible to take out the water go through the last dam, and the 24 reservoirs were completing full after the worst rainy season of history in that site. The landslide break 25 was very risky after a year with severe hydrological consequences in the Mexican southeast. 
Geological Model of the failure mechanism

56
According with this, the landslide followed the next three steps: c) The down portion of the rock, came into a heavy viscous mass, with debris and the rock mass 64 movement was sudden producing a wave with 50m high that fell over a hamlet, dying 25 people, and 65 obstructing totality the river.
66
The schematic situation presented during the first days of November, is shown in Fig. 2 . 
Basis of the Study.
This research is made considering that engineers that front facing this kind of 82 situations, need mathematical tools that let them to take decisions in order to measure possible situations 83 of high risk, and they need to know alternatives for solve the problem. 84 Is usual in this kind of situations the tendency (like it was made in Peñitas), to excavate quickly trying to 85 release storage water upstream and obviously diminish the risk as soon as possible. In the analysis herein 86 presented, was studied the risk of failures for the highest level of storage water and during different stages 87 of excavations made. Like process is made under pressure and must be promptly implemented, the authors 88 decided use several empirical formulas for estimating the value of the peak flood. 
Flood Routing
138
The reservoir routing follows continuity equation:
where S is the storage in the reservoir of the Peñitas Dam, Ql is the flow generated by the landslide,
142
Qf, is the flow of tributaries rivers to the site of Peñitas, Qs is the flow extracted from the Peñitas 143 spillway, and t is the analysis time. 
Storage Capacity Curve
145
Storage capacity elevation curve for the reservoir may be expressed as:
147
where Z is the elevation of the free water surface in the reservoir, So is the storage corresponding
148
to Zo elevation, which will be considered as a conservation level, SF is storage corresponding ZF 149 elevation, which can be interpreted as the maximum level that can be reached when Eq. (1) is 150 solved, α>1 is a regression constant. 
where:
is the spillway crest head and Zcv is crest elevation. 
Spillway discharge for the Peñitas Dam
167
The spillway discharge is shown in Fig. 4 and is given by
169 where 170 = −
171
C is the discharge coefficient, and L is the spillway length. 
is a discrete operator that functionally depends on the heads and +1
210
and from the parametric point of view, of the interval ∆ +1/2 .
211
It must also be observed that differences equation (12) 2 )) = 0 is being solved (Warming and Hyett. 1974 ). It must be noted that the 217 existence of ( ) is guaranteed because the same can be built as a cubic spline.
218
Therefore, also is possible to show that Eq. (12) has a truncated error
2 ), (Smith, 1978) 220
Given that Eq. (12) defines an "ahead march" problem, this equation in finite differences is not lineal 221 in +1 for known , and then the analytical general solution for arbitrary values of α is not known.
222
With the objective of giving an analytical solution, a similar strategy to proposed by Beam and
223
Warming (1976) will be used that allows reaching an "implicit factorized scheme."
224
Remembering the Taylor theorem (Rosenlicht, 1968 ) for a function twice differentiable, f = f (x) can 225 be written as
227
where the residue has been written in a Lagrangian form. 
288
Analogous to Eq. (32), equating inflow and outflow discharges, when t=t* (as in Fig. 4 ) 
292
Equation (40) is not linear in t* and can be expressed as a polynomial equation of sixth degree. By 
Analysis of Statistical Variables
378
In this study, the uncertainty factors considered when analyzing the failure of the landslide are as follows: 3) The discharge coefficient C of the spillway, in metric units, usually is 2 and is considered a standard 385 deviation of σc =0.14 that corresponds to a C.O.V.=0.070. 6) The time duration of the flood landslide adopted has a standard deviation σtbl=0.10h and a C.O.V.=0.05.
393
Statistical properties of the six uncertainty factors are summarized in The reliability of a system in civil engineering design (Tang, Ang, 1984) "is more realistic if measured in 414 terms of probability." The objective of a reliability analysis is to assure the event (X>Y), with X being Usually when an analysis is performed with stochastic variables, the results are expressed in terms of the 422 reliability index  that is defined as the probability of the supply capacity of the system exceeding the 423 demand capacity.
424
In the specific application to hydraulic works (overtopping of dams and spillways), the reliability index
425
 can be expressed as a function of the probability P of the margin of safety  = 1 -P(M), and P(M) is 426 equal to the probability of the occurrence of the floods, X >Y if the discharge capacity of the spillway is 427 a deterministic quantity (Marengo, 2006) .
428
The approximation presented herein considers that the floods produced by the overtopping of the natural action for reducing the failure probability of the system. 468 Table 5 shows results for the 100.00 masl elevation. Hagen method offers the highest value of failure probability (0.0254 %); the flow produced by a landslide Table 8 . Analysis performed is shown in Table 9 , failure probabilities, return periods and final duration floods for 567 
